Corn containing high levels of available phosphorus (HAP) allows poultry to use more of the phosphorus they consume and could potentially reduce contamination of water from run-off. This study uses a conjoint analysis survey of Delmarva corn growers to model adoption of hypothetical HAP varieties over a three-year period. An optimal variety has a low technology fee and yield drag and a high harvest premium. Adoption of HAP corn increases during the period although growers' tolerance of technology fees and yield drags diminishes over time. Adoption is further affected by farm size, farmer age, and the portion of income from corn.
In Delaware and Maryland, which have large chicken-producing industries, at least 65 percent of the operations are considered CAFOs.
1 Using manure from these operations regionally as fertilizer could lead to agricultural ields being overfertilized, causing excess phosphorus from those ields to wind up in surface waters (Ribaudo et al. 2003) . 2 Phosphorus was listed as the number one pollutant in terms of water-quality cases in Delaware and number seven in Maryland (EPA 2006) , a situation that has led to regulations, including the Delaware Nutrient Management Law in 1999 (Delaware Department of Agriculture 2007) and similar legislation passed shortly thereafter in Maryland (University of Maryland 2006). These regulations restrict many procedures used in chicken production, such as applying fertilizer, planting of cover crops and vegetative buffer strips, and erosion control.
CAFOs also face increasing federal regulation by EPA to control phosphorus and nitrogen run-off (NASS 2007a (NASS , 2007b . One such regulation requires CAFOs to create certi ied nutrient management plans (NMPs). The plans establish a rate of manure application for each ield, and producers are allowed to apply manure only if the rates of deposition of nitrogen and phosphorus meet the nutrient needs of current or proposed crops. Similarly, manure applications may be limited or even banned for ields that have a signi icant potential for phosphorus loss. In response, many farmers have adopted phosphorus-limiting nutrient planning programs. Instead of using readily available chicken manure, they have been applying more-expensive nitrogen-only sources of fertilizer (e.g., ammonia or urea). Meanwhile, the poultry industry has had to turn to relatively expensive manure disposal outlets.
While NMPs can be effective, they can also be expensive, ultimately requiring many farmers to seek help from the few inancial assistance programs available. To reduce the cost of the NMPs, producers often substitute crops that have a greater tendency to produce run-off (Bonham, Bosch, and Pease 2006) , which increases their use of phosphorus and allows them to use larger applications of manure. In some areas, farmers have increased their total number of crop acres in production and thus generated additional water pollution (Norwood and Chvosta 2005) .
Due to the high costs and unintended consequences of current solutions, chicken producers are seeking ways to reduce the phosphorus content of chicken manure. The focus has been on corn fed to chickens since it is a primary component of chicken feed and a major source of phosphorus in manure. Much of the phosphorus in corn is in a form called phytic acid, or phytate, that chickens cannot digest. Hence, it ends up in the manure and farmers have to supplement the chickens' diet to meet their phosphorus needs. If the phosphorus in phytic acid could be digested, producers could reduce the amount of phosphorus in the manure and phosphorus supplementation of the diet. The current practice is to add an enzyme, phytase, to the diet to break down phytic acid into usable phosphorus; Smith et al. (2004) estimated that this reduced phosphorus in chicken manure by 10 percent.
A more effective and innovative approach would be to feed the chickens corn that provides a high level of available phosphorus (HAP). The corn can be either low in phytate or high in phytase (Raboy 2009 ). Either one could simplify diet preparation and, ideally, reduce the producers' costs by decreasing the need for dietary supplements. Cost in particular has been noted as one of the main issues with the current approach, particularly in developing countries (Gao et al. 2012 ). Development of a HAP corn, however, has presented challenges (for a discussion, see Raboy (2009) ). In an early effort, Raboy and Gerbasi (1996) developed a low phytate corn from a mutation that reduced the amount of phytic acid. When used as chicken feed, this variety of corn reduced the amount of dissolved phosphorus in the litter (Saylor et al. 2002 , Smith et al. 2004 ) but also suffered from substantial yield drag and lacked other traits important to corn producers, such as disease resistance (Raboy et al. 2001) . A more phytase-transgenic corn developed recently in China appears to have more potential (Gao et al. 2012) . While genetic engineering techniques appear to offer the greatest potential (Swiatkiewicz and Arczewska-Wlosek 2011) , work continues on several other methods of developing HAP corn. The issue for this study then is identifying attributes that a HAP corn would need to have for farmers to adopt it. Unlike genetically modi ied (GM) varieties such as Bt corn that provide a direct bene it to the farmer in terms of pest resistance, HAP corn may involve extra costs, such as technology fees for GM versions and the possible need to segregate crops. Consequently, producers may need to receive a price premium to adopt HAP corn. Furthermore, since HAP corn is a new product, producers may be cautious about adopting it. Thus, the main objective was to examine the effect of the price of HAP technology, the degree of yield drag expected, and the amount of any harvest premium on adoption of HAP corn over a three-year period for corn producers on the Delmarva Peninsula, which consists of the entire state of Delaware, counties in Maryland between Chesapeake Bay and the Atlantic Ocean, and two counties in Virginia between the bay and the Atlantic that make up the peninsula's southern tip. In addition, the study analyzed the effect of demographic and farm characteristics on adoption. A secondary objective was to determine farmers' knowledge of and concerns about phosphorus and their attitudes toward GM crops.
Survey Design
A survey was mailed to approximately 2,000 farmers on the Delmarva Peninsula.
3 The survey was conducted in conjunction with the National Agricultural Statistics Service (NASS), which gave farmers a greater assurance of con identiality and allowed access to NASS's detailed mailing list so that the survey could be sent primarily to corn growers.
Since low response rates are common for surveys of farmers, extra care was given in administering the survey. It was mailed in February 2007, before farmers would be busy in the ields, as Pennings, Irwin, and Good (2002) found that the time of year in which a survey is conducted is crucial to farmers' likelihood of participating. A dollar was enclosed with the survey as a token of appreciation, and several points of contact were used per Dillman (2000) . Participants irst received a postcard in late January announcing the survey. A week later, they received a packet in the mail that included the survey, a cover letter, a business-reply envelope, and the dollar incentive. One week later, a reminder postcard was sent to participants who had not yet returned the survey. Given the approaching planting season, no further mailings were sent.
After undeliverable surveys and respondents who considered themselves as not quali ied to participate were accounted for, the response rate was 38.91 percent (740 of 1,902). A comparison of the distribution of farm sizes in the survey to similar distributions from NASS records showed that larger farms were over-sampled, which is common. It was not possible to check the distributions of age and education level. The model incorporated demographic characteristics of farm size, education level, and farmer's age. Fan (2004a, 2004b) found that farmers readily responded when asked to identify the percentage of acres they would be planting with Roundup Ready ® soybeans over a period of years. Consequently, it was decided to use a percent allocation approach for this analysis. This decision was supported by the idea that the choice-based conjoint analysis could then be presented in a format that closely re lected the process typically used by farmers when making planting decisions. To our knowledge, this is the irst time that a choice-based conjoint study has used a percent allocation method to elicit farmer preferences for various crops.
Conjoint Design
The survey presented participants with various product pro iles representing hypothetical HAP corn varieties, and the participants were asked to consider all other attributes of these HAP corn varieties to be identical to corn varieties they normally chose. Purchasing and pricing corn seeds are intricate processes because of the wide assortment of varieties available, which are differentiated by many agronomic characteristics and available with several value-added traits and technologies. Treating all of the other attributes as consistent with their previous selections simpli ied the scenarios presented.
Each corn pro ile consisted of three attributes-technology fee, yield drag, and price premium-at various levels, and participants were asked to estimate the percentage of corn acres they would be willing to plant to that HAP variety each year for three years, starting when it was irst introduced. The HAP technology fee was chosen because many new varieties (especially GM varieties) are subject to a technology fee to recover the cost of its research and development. Yield drag is a common side effect of including a new trait and has been found for some experimental HAP varieties. Premiums can be used to provide an incentive for producers when customers want them to grow varieties that bene it the customer rather than the farmer. The number of years since being available in the market was included to assess adoption trends over time.
Since responses to the attributes were expected to be nonlinear, the survey presented three levels of each attribute to estimate quadratic effects. The fees for the HAP technology were $0, $15, and $30 per bag of seed and re lected typical technology fees according to a con idential industry source. The crop premiums were $0.00, $0.20, and $0.40 cents per bushel of corn. The values were based on premiums for value-added traits provided by the U.S. Grains Council (2002) . The yield drags were 0.0, 2.5, and 5.0 percent and were based on previous work on HAP corn by Raboy and Gerbasi (1996) and Raboy et al. (2001) .
Three years was a reasonable period over which to study adoption of a crop. Several years typically are needed since many producers are cautious and want to evaluate a new product's performance before deciding. Using more than three years would have resulted in a larger number of pro iles than farmers would typically evaluate. The survey asked participants to assume that their expectations of a product were met each year to limit the analysis to adoption of an effective variety. This design allowed for assessment not just of feasible varieties of HAP corn but also of the ability to model the adoption path of each variety over three years.
In the model, interactions between several attributes were assumed since the impact of the costs and bene its could change over time: year and technology fee, year and premium, and year and yield drag. The D-optimal design (Atkinson and Donev 1992) generated eight pro iles. To avoid respondent fatigue, the pro iles were blocked into two sets of four pro iles each for HAP fee, premium, and yield drag to be evaluated over the three-year period. The SAS OPTEX procedure was used to produce the inal design (SAS 2011b). Table 1 presents the eight pro iles and Figure 1 provides a sample pro ile and instructions as they appeared in the survey.
A GM attribute was not included since GM corn has already been widely adopted. According to the U.S. Department of Agriculture (USDA) Economic Research Service (ERS), approximately 70 percent of the corn planted in the United States in 2010 consisted of GM varieties (ERS 2011). GM crops have met with opposition from producers only when there has been signi icant concern that the product would be rejected in the market, which occurred with herbicide-resistant wheat and insect-resistant potatoes; use of those products was halted due to fear of consumer objections (Stokstad 2004) . As a check, a survey question asked whether farmers preferred a non-GM HAP corn, preferred a GM HAP corn, or were indifferent; 58.99 percent of the respondents were indifferent, 30.22 percent preferred a GM HAP corn, and only 10.79 percent preferred a non-GM version.
Model
The farmer's percentage of acres devoted to HAP corn was modeled as a function of the design attributes, the demographic characteristics, and the interactions between them. The irst and last of the categories were the primary elements of interest in determining how various types of farmers responded to the attributes. Since this approach created the potential for a large model, likelihood ratio tests were used to eliminate demographic characteristics and interactions for which farmer responses were found to be homogeneous. Since percent of acreage planted with HAP corn was restricted between zero and one hundred for each pro ile, a two-limit Tobit model was necessary to account for the presence of both upper and lower censoring of the dependent variable. A larger issue was the potential for heteroskedasticity, which would lead to inef icient estimates in Tobit, probit, and similar models (Haefele and Loomis 2001) . A model similar to the one in Bernard, Pesek, and Pan (2007) was therefore itted to estimate the variance as a function of the attributes and demographic variables.
For the two-limit Tobit model, it is assumed that a latent variable y * represents the farmer's potentially unobservable preference for a pro ile (Rosett and Nelson 1975) . For example, a farmer might give a product with a highly undesirable attribute such as a high technology fee an internal negative value that can be observed only as 0 percent adoption of HAP corn. This type of latent variable is often used in rating-based conjoint analyses because predicting the rating is not particularly useful. Here, it is useful to predict the percentage of adoption of HAP corn.
The observed percent adopted, y, is related to y * by
In this general form, τ L is the lower limit (0 percent), τ U is the upper limit (100 percent), x I represents a vector of relevant independent variables, and β is a vector of coef icients. 
be the density of the standard normal distribution,
be its cumulative distribution function, μ = xβ be the predicted latent variable, and σ 2 = exp(zγ) be the predicted variance. Furthermore, let δ L = (τ L -μ) / σ and δ U = (τ U -μ) / σ be the standardized upper and lower limits and
be the density of the standard normal distribution truncated at τ L and τ U . It is known (Johnson and Kotz 1970 ) that
is the mean and that
is the variance of the truncated normal distribution, which is a stepping stone to the censored normal distribution de ined by its cumulative distribution function:
If it is conditioned to the interval τ L < x < τ U , the truncated normal is obtained. The censored normal is the distribution of y. All of the values of the latent variable that fall at or below τ L are concentrated at τ L while all of the values of the latent variable that fall at or above the upper limit are concentrated at τ U . To predict the percent of acres planted with HAP corn, the mean and variance of the censored variable are needed: 
The formula for the mean is found in Long (1997) and a derivation of the variance formula is provided in an appendix available from the authors (a one-limit result is found Greene (2008) ).
Hypotheses
A priori hypotheses were used to construct the initial variables of the vector x. With respect to the pro ile attributes, the HAP technology fee was expected to be negatively correlated with the percent of acres planted with HAP corn. Similarly, yield drag was treated as a cost and thus was expected to reduce the percent of acres of HAP corn planted. A premium for HAP corn was expected to be positively correlated with the percent of acres planted. Since the respondents were to assume that their expectations of each type of corn were met each year, percent of acres planted for each type of corn was expected to increase over time.
The interactions between year and both fee and yield drag were expected to be negative while the interaction between year and premium was expected to be positive.
As previously mentioned, demographic characteristics of farm size, farmer age, and farmer education were included as variables in the model. Previous studies have shown that these characteristics can in luence adoption decisions (e.g., Harper et al. 1990 , Payne, Fernandez-Cornejo, and Daberkow 2003 , Bernard, Pesek, and Fan 2004a , Fernandez-Cornejo, Hendricks, and Mishra 2005 and that including the characteristics as variables can correct for potential selection bias (Dumouchel and Duncan 1983) . Another variable included in the initial model was the percent of the farmer's income that came from corn production; it seemed likely that decisions about using HAP corn would be relatively unimportant for participants who grow little corn of any kind and quite signi icant for participants who grow mostly corn. 4 All of these variables could have affected the variance and were tested for inclusion in the model but no speci ic hypotheses were made regarding their signs.
Participants who had more than 4,000 acres, had less than 100 acres, and/or received 20 percent or less of their income from corn production were removed from the sample. 5 The inal model was speci ied as Initially, concern about phosphorus pollution was included in the model since farmers who were relatively concerned about that kind of pollution might have a greater willingness to plant HAP corn. However, tests showed that this factor was not signi icant. Economic considerations likely tend to be more important to farmers than environmental concerns. 5 The small number of large farms made effective estimates impossible, and the extremely small farms in terms of acres were unlikely to be economically relevant or important to the potential success of HAP corn, especially given the minute percentage of acreage they represented. While this means that interpretation of the results does not apply directly to the groups, it does apply to the vast majority of farms in the study area. Table 2 provides de initions of the variables, and ε i is the error for the ith respondent. The errors are independent and normally distributed with mean zero and variance of σ 2 (exp(z i γ)). The model was estimated using maximum likelihood with the QLIM procedure in SAS (SAS 2011a). Table 3 presents the coef icients of the mean portion of the model and Table 4 presents the coef icients for the variance portion of the model. The primary variables of interest-the interactions-are easier to interpret graphically and are presented in the igures. Each chart presents the result of holding a single model variable constant. These graphs and their implications are discussed.
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Estimates of Means Figure 2 shows the results for the interaction of year and the technology fee; Figure 3 shows the results for the interaction of year and premium. The effect of the technology fee is negative as expected.
8 Note, though, that percent acres planted to HAP corn increases with time, which is consistent with participants assuming that their expectations were met and suggests that a tendency to be cautious about adopting a new technology can be overcome. In addition, the spread across years in the percent of acres planted to HAP corn declines as the technology fee increases. This is likely some form of boundary effect; when the price is high enough, HAP corn is no longer attractive regardless of its other attributes. As shown in Figure 3 , the percent of acres planted increases with payment of a premium, as expected, and with year. Here, transformation from the latent variable to the percent of acres planted greatly diminishes the interaction.
The interaction of farm size with the technology fee in year 1 is shown in Figure 4 . As expected, the overall percent of acres planted decreases as the technology fee increases. This effect is most extreme for the high fee, resulting in a relatively lat line that again suggests that a high fee creates a boundary that severely limits the potential for large-scale adoption of HAP corn. In the low-fee and no-fee situations, however, the differences in adoption across farm sizes are more pronounced. In general, then, percent adoption is greatest for the smallest and largest farms. Operators of small farms generally do not rely heavily on revenue from crops and thus may be more willing than operators of medium-sized farms to try new things. Large farms may have been able to grow so substantially because their operators were innovative and more willing to go to "the next big thing." These differences are most obvious for the no-fee case; the percent of acres for operators of the largest farms adopting is about 10 percent greater than the percent of acres for operators of small farms and about 30 percent greater than the percent acres for operators of medium-size farms. Figure 5 shows the interaction of farm size and premium Once again, medium-sized farms are taking a more conservative approach to adoption. Also of interest is the relatively large gap between no-premium and low-premium compared to the size of the gap between the low and high premiums. This result suggests that receipt of a premium is the key issue for farmers while the amount of the premium plays a smaller role. The importance of a premium is most apparent for operators of small farms; in that case, there is a substantial gap in adoption between the no-premium and high-premium scenarios. The gap is smallest for the largest farms, suggesting that for this group it is not as crucial.
The results of the regressions for the demographic characteristics are shown in Tables 3 and 4 . The interactions of education with fee and premium are relatively straightforward and again re lect the overall negative effect of higher technology fees on adoption of HAP corn. Farmers who attended college were willing to plant a greater share of their acres in HAP corn than farmers who had not. Again though, this difference gets smaller as the fee increases. The interaction of education and premium behaves as expected; those who attended college were willing to plant a higher percentage of HAP corn. Note, though, that the gap between those with some college and those with no college increases as the premium paid increases. An increase in the Bernard, Pesek, and Parish bene it provided by a premium may make an attractive product even more attractive.
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The coef icients of interactions of fee with income from corn and year with farmer age are also signi icant. In the interaction between income from corn and the technology fee, the fee is far more important, but the rate of decrease in farmers' willingness to adopt is somewhat steeper for those who obtain only a small portion of their incomes from corn. For the interaction of year with the farmer's age, the percentage of adoption of HAP corn clearly increases over time regardless of age. However, the relationship between willingness to adopt and age changes over the three-year period. In the irst year, adoption is highest for younger and older farmers. In the second year, there is not much difference by age, and in the third year, middle-aged farmers are the highest projected adopters. Thus, it appears that the middle age group was more conservative during the irst year in adopting an unproven product but rapidly overcame that reticence when the product met expectations.
Estimation of Standard Deviations and Variance
Heteroskedasticity traditionally has been seen as a complication to be corrected for and then ignored. However, with a model that can predict the standard deviation, it is possible to consider its impact (see, for example, Bernard, Pesek, and Pan (2007) and Bernard and Bernard (2010) ). A few results from this portion of the analysis are worth discussing. The irst, interaction of the technology fee with farm size in the irst year, is presented in Figure 6 . Overall, the standard deviation decreases as the HAP fee increases, which is consistent with the previously mentioned concept of a boundary effect. At the high fee, most of the farmers viewed HAP corn unfavorably regardless of the size of their operations and consistently did not want to plant it. Regardless of the size of the technology fee, however, the greatest standard deviations were for those who had relatively small and relatively large farms. This suggests that operators of medium-sized farms were more consistent in their adoption decisions. Recall Figure 4 , which showed that most operators of medium-sized farms did not adopt regardless of the amount of the fee. The interaction of premium with farm size shows the same pattern of larger standard deviations for large and small farms. The standard deviations are always smallest when the premium is highest so it seems clear that farmers generally lean toward adoption. However, for operators of farms of up to 2,500 acres, the standard deviation is greater for the low premium than for no premium. It is expected that lack of a premium will, in many cases, lead to a fairly consistent decision not to adopt HAP corn; a small premium could generate the most varied reactions from farmers. Figure 7 illustrates the interaction of year and farm size. In the irst year, midsize farms are far less volatile than large and small farms. The same is true in the second and third years but is far less pronounced. The interaction of fee and farmer age in the irst year again shows that variance decreases as the HAP technology fee increases and supports the idea that conservative middle-aged farmers consistently fail to adopt HAP corn while the responses of younger and older farmers are less uniform. The remaining signi icant interactions are farmer age, farmer education, and farm income from corn with premium. Unfortunately, none of the resulting standard deviations and variances has an obvious interpretation, pointing to how little is yet known about modeling complex variances. For the interaction of age and premium, high-premium is always lower than no-premium and both are higher at younger and older farmers, but middle-premium starts low and crosses both. The interaction of age and premium is the most dif icult to understand. The standard deviation is always smaller for the high-premium, which would be consistent with a high premium making it desirable to plant HAP corn. Younger and older farmers show more variability than the ones in the middle. It is a reasonable expectation that the standard deviation for the low premium would be in between no-premium and high-premium. Instead, its standard deviation is lower than both for younger farmers but higher than both for middle-aged and older farmers.
The results for the interaction of premium and education are less startling. There is a larger standard deviation for college-educated farmers than for farmers without college education. The variance for less-educated farmers is relatively level, but for college-educated farmers, the variance rises to a peak of about $0.15 per bushel and then declines, and the range of variation is narrow at around 12 percent. The greater volatility seen for college-educated farmers may stem from their having read and heard more about HAP corn, but the information does not lead them to uniform conclusions. Lastly, in the interaction of premium and farm income from corn, the curve for the low premium crosses the curves for the high premium and no premium, a potential indicator that the intermediate value can at times produce greater uncertainty in decisions about adopting HAP corn.
Conclusions
This study modeled farmers' potential adoption of HAP corn using a unique approach in which the data collected represent actual shares of acres farmers were willing to plant to HAP corn over a three-year period given a range of hypothetical scenarios. The results indicate that the typical Delmarva farmer's preferred HAP corn variety requires no more than a small technology fee and causes only modest yield drag and for which there is a readily accessible market that offers a high premium per bushel sold. The results also suggest that corn growers are likely to become less tolerant of high technology fees and yield drags as time progresses. This inding is reasonable since new technologies tend to improve over time and become less expensive. The results indicate that adoption of HAP corn will increase over time unless it leads to inancial losses for producers.
The study shows that certain groups of farmers will likely have a high overall willingness to purchase HAP corn. Those with higher levels of education may be more sensitive to potential negative aspects of HAP corn, such as technology fees and reductions in yield. Operators of relatively large farms may be more skeptical about the value of the product, at least initially. Marketing efforts that provide the results of research on HAP corn could alleviate such concerns and encourage adoption.
It is apparent that the success of HAP corn depends on incorporation of other popular value-added traits such as YieldGard Corn Borer and Roundup Ready. The average Delmarva corn farmer is not opposed to GM versions of HAP corn and may actually prefer them as a way to reap the bene its of HAP without having to give up other bene icial agronomic characteristics.
Naturally, other issues beyond the scope of this study factor into market adoption of HAP corn. Ideally, adoption would require no specialized management approaches, such as on-farm storage and ield segregation, but that may not be possible since HAP corn is a nutritionally bene icial product. The need for ield segregation would likely deter many farmers from adopting HAP corn unless markets offered very large premiums. Delmarva grain handlers would be wise to develop an ef icient way to segregate corn that would not greatly inconvenience farmers. That effort might require handlers to update their processing equipment, purchase additional storage bins, and/or dedicate certain locations or days to accepting HAP corn at handling facilities.
Another important factor is the reaction of broiler companies, which are the peninsula's major buyers of grains. Corn producers could be compelled to adopt HAP corn if the broiler industry pushes for it. The industry's acceptance is likely to be shaped, at least in part, by consumers. Bernard, Pesek, and Gupta (2011) , for example, found a high potential for consumer acceptance of chicken raised on HAP corn. There was less consumer enthusiasm for a GM version of HAP corn, but the study demonstrated that the environmentally friendly aspects of HAP could be used in marketing efforts. Use of a product with an environmental bene it also could increase the social acceptability of CAFOs and provide another reason for the industry to explore HAP corn diets as a way of dealing with the issue of phosphorus pollution more seriously.
